Abstract. Association of glutathione S-transferase (GST) M 1 and T 1 deletions with benign prostate hyperplasia (BPH) and prostate cancer is well reported. These enzymes metabolize numerous toxins thus protecting from oxidative injury. Oxidative stress has been associated with development of BPH and prostate cancer. The present study was designed to analyze role of GST deletions in development of oxidative stress in these subjects. GSTs are responsible for metabolism of toxins present in tobacco therefore effect of tobacco usage in study groups was also studied. Three groups of subjects: BPH (57 patients), prostate cancer (53 patients) and controls (46 subjects) were recruited. Genotyping was done using a multiplex polymerase chain reaction (PCR) method. Malondialdehyde (MDA) levels as marker of oxidative stress were estimated by measuring thiobarbituric acid reactive substance (TBARS) in plasma. Based on genotyping, subjects were categorized into: GSTM1+/GSTT1+, GSTM1-/GSTT1+, GSTM1+/GSTT1-and GSTM1-/GSTT1-. Significantly higher plasma MDA levels were noticed in GSTM1-/GSTT1-as compared to GSTM1+/GSTT1+ in all study groups. Double deletion (GSTM1-/GSTT1-) is associated with higher oxidative stress which might play a role in the pathogenesis of BPH and prostate cancer. However, other markers of oxidative stress should be analyzed before any firm conclusion.
Introduction
Benign prostate hyperplasia (BPH) is a non-malignant enlargement of the prostate leading to obstructive lower urinary tract symptoms (LUTs) affecting more than 50% of men by the age 60 years and 90% by 85 years [1] . On the other hand, prostate cancer is a common malignancy in males and a leading cause of cancer-related mortality [2] . Reactive oxygen species (ROS) have been implicated in the etiology of both BPH and prostate cancer [3] [4] [5] . Oxidative stress results from either increased free radical generation and/or decreased antioxidant levels in the target cells/tissues/organs and is associated with most cancers [6, 7] . Oxidative stress results in damage of critical cellular macromolecules including DNA, resulting in altered cellular function, a crucial event in carcinogen-esis [3] . Apart from base excision repair, which can repair oxidative DNA damage several mechanisms exist in humans to counteract the adverse effects of ROS [8] . Glutathione S-transferases (GSTs, EC 2.5.1.18) are a family of phase II xenobiotic metabolizing enzymes, protecting the body from oxidative insults by conjugating glutathione with various electrophilic compounds generated after activation by phase I enzymes [9] . Deletion of GSTM1 and GSTT1 genes, which are important isoenzymes of GST, leads to complete lack of activity of their enzymes. Absence of these enzymes due to homozygous deletions are implicated in poor elimination of carcinogenic substances including constituents of tobacco which are potential sources of ROS in our body, making individuals with these deletions susceptible to oxidative injury [10] . Studies have reported positive association of GSTM1 or GSTT1 polymorphism with increased risk of BPH and prostate cancer [11] [12] [13] [14] [15] . Since these individual deletions are reported to be associated with increased risk, effect of deletion of both these genes could be additive. Recent studies from our laboratory reported association of deletion of both GSTM1 and GSTT1 with markers of oxidative stress like malondialdehyde (MDA) in disorders like diabetic nephropathy, non-diabetic nephropathy and adverse reproductive outcomes [16] [17] [18] .
The association between smoking and prostate cancer is not unequivocal and some studies report increased risk only in more aggressive forms of the disease [19, 20] . Available literature suggests that smoking contributes to development of oxidative injury, reflected by higher lipid peroxidation products [21] . Moreover, association between smoking and GST genotypes has also been reported [10, 19, [21] [22] [23] . One study reported the association of GSTT1 polymorphism with increase in markers of lipid peroxidation and inflammation in smokers with relation to cardiovascular diseases [24] .
Studies have also analyzed MDA as marker of oxidative stress and found significantly higher MDA levels in prostate cancer in both blood and prostatic tissue [4, 5] . However, role of GSTM1 and/or GSTT1 deletion in the development of MDA in prostate cancer or BPH has not been explored. Effect of tobacco usage (in India, tobacco chewing in form of gutka, pan-masala etc. is as common as smoking [25] ) in these patients with GSTM1 and GSTT1 deletions is not well-elucidated. Hence, the main objective of the present study was to evaluate the role of concomitant deletion of GST and their interaction with tobacco usage in the possible development of oxidative stress in BPH and prostate cancer patients.
Material and methods

Subjects
A total of one hundred and fifty six subjects were included in the study, fifty seven newly diagnosed prostate cancer patients, fifty three newly diagnosed BPH patients and forty six controls. All study subjects were North Indians who are ethnically known to be Caucasoid Aryans [26] . All the groups were matched regarding age; matching was done within 3 year-intervals within each group. Information regarding age, tobacco usage associated medical history etc. was obtained as per pre-designed questionnaire. Persons using tobacco (any form cigarette, gutka, panmasala etc.) for a minimum period of one year at or within a year of diagnosis (BPH and prostate cancer)/inclusion in study (controls) were included as current tobacco users, whereas, previous tobacco users were defined as those who quit tobacco usage at least a year before diagnosis/inclusion [27] . Subjects with history of chronic liver dysfunction, diabetes mellitus were excluded because of their suspected role in pathogenesis of both BPH and prostate cancer [1, 28] . Also subjects with history of any other chronic disease were excluded. All subjects were either recruited from the Department of Surgery, Guru Teg Bahadur Hospital, Delhi and Delhi State Cancer Institute, Delhi. Necessary ethical clearances were approved by the Institutional Ethical Committee for Human Research. Written informed consent was obtained from each subject prior to their inclusion in the study. Study groups (BPH, prostate cancer and controls) were defined on the basis of clinical, biochemical, radiological as well as histopathological examination of tissue biopsy samples. Prostate cancer subjects were histologically confirmed cases. Subjects with LUTs, plasma prostate specific antigen (PSA) levels > 4 ng/ml and prostate volume > 20cc were included as BPH. Controls were free from any chronic disease on the basis of thorough medical examination including chest X-rays, urine and blood tests for various tumor markers, gastric endoscopy, abdominal ultrasound, colon enema. Controls were defined as persons with no LUTs, plasma PSA levels < 4 ng/ml and prostate volume < 20cc. Some of the eligible controls were selected from our previous studies [29] [30] [31] . About five ml of peripheral venous blood was collected from each subject in Na-EDTA vaccutainers. Plasma was separated by centrifugation and refrigerated at −20
• C until analysis. 
GSTM1 and GSTT1 genotyping
DNA was extracted from whole blood using DNA extraction kit (Omniprep TM , GBiosciences, USA). A single assay using multiplex polymerase chain reaction (PCR) was performed for simultaneous gene amplification [32] using the Eppendorf Mastercycler Gradient-5331 thermocycler. Briefly, ∼100 ng of DNA was amplified in 50 μl multiplex reaction mixture containing 30 pM of each of the following GSTM1 primers (MF-5' GAA CTC CCT GAA AAG CTA AAG C 3' and MR -5' GTT GGG CTC AAA TAT ACG GTG G 3') and of the following GSTT1 primers (TF -5' TTC CTT ACT GGT CCT CAC ATC TC 3' and TR-5' TCA CCG GAT CAT GGC CAG CA 3'). As an internal control, the exon 7 of the CYP1A1 gene fragment was also co-amplified (CF-5' GAA CTG CCA CTT CAG CTG TCT 3' and CR-5' CAG CTG CAT TTG GAA GTG CTC 3') in a mastermix consisting of 1.5 mM MgCl 2 , 200 μM dNTPs (Bangalore Genei, Banglore, India), 5 μl 10X PCR buffer (500 mM KCl, 100 mM Tris-HCl, pH 9.0) and 2 U Taq DNA polymerase (New England Bio Labs, Beverley, MA). The PCR thermocyclic condition included an initial denaturation at 94
• C for 5 min followed by 35 cycles of 2 min at 94
• C, 1 min at 59
• C and 1 min at 72
• C followed by a final extension of 10 min at 72
• C. The final PCR product from coamplification of GSTM1 (215 bp), GSTT1 (480 bp) and CYP1A1 (312 bp) was visualized after electrophoresis in ethidium bromide-stained 2% agarose gel.
Malondialdehyde levels
Lipid peroxidation, a known marker of oxidative stress was determined by spectrophotometric measurement of malondialdehyde (MDA), a thiobarbituric acid reactive substance (TBARS) in plasma [33] . MDA levels were expressed in nmol/ml.
Statistical analysis
Statistical comparison was performed using SPSS software package (version 17.0 for Windows; SPSS, Chicago, IL) at Department of Biostatistics and Medical Information, UCMS and GTB Hospital. One-way ANOVA with Tukey's multiple comparisons as posthoc test was used for analysis of differences in mean MDA levels in four identified genotypes in each study group.
The distribution of population characteristics for study groups were compared by Fischer exact test and student t-test. Chi-square (χ 2 ) test was used to compare deletion of individual genes, p-value < 0.05 was considered as significant.
Results
General characteristics of the different study groups like age, tobacco usage and genotype distribution are presented in Table 1 . Age was not significantly differ- δ Classification of income is based of format prescribed for assessing socioeconomic status in Indian population. Low (< 1$/day or 1500 per month), upper low (2$/day or 1500 per month to < 3000 per month), low middle (3000 to < 9000 per month), upper middle ( 9000 to < 15000 per month), upper ( 15000 per month) [41] . ent amongst the study groups. GSTM1 deletion was significantly higher in prostate cancer subjects as compared to controls (χ 2 = 6.4, p-value = 0.01). However, no association was observed in BPH with either GSTM1 or GSTT1 deletion.
Anthropometric and other characteristics of study groups like PSA (mean ± SD), marital status, family history of prostate cancer, education, physical activity, body mass index (BMI) and income are presented in Table 2. PSA levels (mean ± SD) were significantly higher in both BPH and prostate cancer groups as compared to controls (p−value = 0.0001 and 0.005 respectively), Also significantly higher frequency of cases with history of cancer in first degree relatives as compared to the controls was observed (22.8% vs 8.6%, p−value = 0.02).
Following genotyping, four genotypes were identified amongst our subjects: GSTM1+/GSTT1+ (nodeletion), GSTM1-/GSTT1+ (only GSTM1-deletion), GSTM1+/GSTT1-(only GSTT1-deletion) and GSTM1-/GSTT1-(both-deletion). MDA levels in these genotypic subgroups in prostate cancer, BPH and controls are presented in Table 3 . To study the effect of genotypic variation on possible development of oxidative stress, MDA levels in plasma were estimated and analyzed on the basis of above mentioned genotypic sub-groups as shown in Fig. 1 . Mean MDA levels in prostate cancer, BPH and controls were not found to be significantly different from each other (Fig. 1) . In control subjects, MDA levels were significantly higher in GSTM1-/GSTT1-group compared to GSTM1+/GSTT1+ genotype. However, in BPH patients MDA levels were higher amongst GSTM1-/GSTT1-and GSTM1-/GSTT1+ groups in comparison to other two genotypes (GSTM1+/GSTT1-and GSTM1+/GSTT1+) whereas, in prostate cancer patients MDA levels were again significantly higher amongst GSTM1-/GSTT1-cases in comparison to other three genotypes (GSTM1+/GSTT1-, GSTM1-/GSTT1+ and GSTM1+/GSTT1+). Significant difference in mean MDA levels were not observed due to single gene deletion in any group (data not presented).
We analyzed the association between tobacco usage and MDA levels in all study groups. MDA levels were Fig. 1 . Comparison of MDA levels in different genotypes within each study group. PC: Prostate cancer, BPH: Benign prostate hyperplasia; a: significantly different from (*) GSTM1+/GSTT1+, GSTM1-/GSTT1+ and GSTM1+/GSTT1-genotypes at p < 0.05 within prostate cancer group. b: significantly different from (*) GSTM1+/GSTT1+ and GSTM1+/GSTT1-genotypes at p < 0.05 within BPH group. c: significantly different from (*) GSTM1+/GSTT1+ genotypes at p < 0.05 within control group. compared amongst subjects with one/more deletions with subjects with no deletions in all subject groups amongst current tobacco users, previous tobacco users and non-users. However, statistically significant differences were not observed (data not presented).
Discussion
GST enzymes catalyze the conjugation of electrophilic compounds to glutathione and play an important role in the protection of DNA and other macromolecules from oxidative damage. Amongst the principal isoenzymes of GST, GSTM1 is involved in the metabolism of a possible carcinogen, styrene oxide (an intermediate of styrene synthesis) [34] . It also catalyses metabolism of carcinogenic benzo [α] pyrene-7,8-diol9.10-oxide, found in tobacco smoke [35] . On the other hand, GSTT1 enzyme is reported to be involved in metabolism of potentially carcinogenic dichloromethane and ethylene oxide [36] . GSTP1 is reported to be involved in the metabolism of toxic compounds like acrolien, a compound found in tobacco and associated with lung cancer [37, 38] . Since GSTM1 and GSTT1 genes are reported to be deleted causing a loss in enzymatic activity of these isoenzymes deletion of both genes concomitantly might lead to more susceptibility for various cancers including that of prostate.
Hence, not surprisingly, GST polymorphisms are reported to be associated with higher risk of cancers including that of prostate [9] [10] [11] [12] 21] . However, the exact mechanism by which GST polymorphisms might lead to higher cancer risk is not well understood. Studies also report risk of BPH due to GST polymorphism [15] . Hence, the present pilot study was planned to investigate the association of concomitant deletions of GST genes with a marker of oxidative stress in subjects with BPH or prostate cancer.
We studied MDA levels one of the most established markers of oxidative stress and compared the levels amongst different genotypic subgroups within each study group. Significantly higher MDA levels observed amongst GSTM1-/GSTT1-compared to GSTM1+/GSTT1+ in all subject groups indicate higher oxidative stress in individuals with double deletions. These observations indicate a possible role of concomitant deletion of GST in oxidative stress development in these subjects. In the present work MDA was assessed in blood to reflect association of oxidative stress with BPH and prostate cancer as prostatic tissue is not always easy to obtain for analysis [4] . However, evidence suggests that blood levels provide a reliable indication about the status of different stress markers including MDA in different human tissues [39] . Literature is scarce regarding association of MDA levels with GST gene deletion in BPH and prostate cancer patients.
Furthermore, only one study has reported association of both GSTM1 and GSTT1 deletion with increased risk of oral cancer [40] . Recently, similar studies from our laboratory have associated deletion of these genes with different markers of oxidative stress in diabetic/nondiabetic nephropathy and preterm labour [16] [17] [18] . Our results indicate a possible interaction between oxidative stress, concomitant deletion of GST and prostate cancer. However, further studies are required to analyze and validate these observations.
Previously, numerous studies have analyzed the role of GSTs polymorphism with risk of prostate cancer. We have found significantly higher frequency of GSTM1 deletion in prostate cancer patients compared to controls. This observation is in agreement with several previous studies reporting significant association of GSTM1 deletion with increased risk of prostate cancer [11] . However, some other studies did not find any association of GSTM1 deletion with prostate cancer [12] .
Unlike the prostate cancer patients, significantly higher MDA levels was observed in BPH subjects amongst GSTM1-/GSTT1+ groups compared to GSTM1+/GSTT1+ genotypes (Fig. 1) . Hayek et al. (2006) reported GSTT1+ genotype to be associated with elevated markers of lipid peroxidation and inflammation in patients with diabetes mellitus [24] . Besides, one recent study reported GSTM1 null genotype to be associated with increased risk of BPH [15] . Together, these observations suggest that presence of GSTT1 and/or absence of GSTM1 genotype might have significance in the possible development of oxidative stress in BPH patients and hence in the underlying pathogenesis.
Interaction of tobacco usage with GST polymorphism has been reported to increase the risk of prostate cancer [21] , however no significant relation of GST polymorphisms was observed with tobacco usage in the study groups. The results of our pilot study indicate that concomitant deletion (GSTM1-and GSTT1-) is associated higher plasma MDA levels, a marker of oxidative stress in both BPH and prostate cancer subjects. Hence, it may be concluded that double deletion might be a risk factor for BPH and prostate cancer. However, oxidative stress levels might also be modified by various other factors like chronic inflammation, diet supplementations etc. The fact that this is a pilot-study, based on cross-sectional design with small sample size in some sub-groups may limit our conclusion towards postulating the population-attributable risk. Hence, these results should be validated with various other markers of oxidative stress in poly-ethnic prospective studies with larger sample size using more sensitive mRNA expression analysis tools etc. Further work in this area will elucidate the role of these multi-functional antioxidant enzymes, which might be helpful in defining population with higher risk and designing meaningful therapeutic and preventive interventions.
